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METHOD AND DEVICE FOR PREPARNG 
MPLANTSURFACES 

This application is a Continuation of U.S. patent appli 
cation Ser. No. 08/162.627, filed Dec. 7, 1993, now aban 
doned. 

FIELD OF THE INVENTION 

The present invention relates to a method and device for 
preparing implant surfaces of metallic or ceramic material, 
preferably titanium, using gas-discharge plasma with the 
aim of obtaining a well-defined and reproducible implant 
surface. 

BACKGROUND OF THE INVENTION 

It is previously known permanently to anchor oral and 
extraoral prostheses in bone tissue. In order to avoid the 
prostheses loosening, a healing-in period is required with 
direct contact, that is, exact adaptation, between the pros 
thesis and the bone tissue. Such an exact, enduring, adap 
tation permitting load-transfer is called osseointegration. 
That such an enduring adaptation and function can be 
achieved in clinical practice using load-bearing synthetic 
fixing elements was first demonstrated by Dr Bränemark and 
co-workers. They showed that screw-shaped fixing 
elements, so-called fixtures, of pure titanium were osseoin 
tegrated if a number of preconditions were fulfilled. The 
osseointegration principle developed by Professor Bräne 
mark and co-workers has a very high success rate (more than 
90%) and has been used clinically since 1965. In all, 
hundreds of thousands fixtures have by now been implanted 
throughout the world, 
The osseointegration principle is based not only on the 

implant being executed in pure titanium, but also on a first 
operation in which the fixture is inserted by an atraumatic 
technique, a healing phase of critical length without loading, 
and a second operation involving attachment of a loading 
element, or prosthesis part. In other words, osseointegration 
is based, in part, on a two-session process with an interme 
diate healing period without loading. 

For the fixture to heal well in the body tissue, it is 
necessary to minimize the induction of negative biological 
reactions, or, even better, to induce for predominantly posi 
tive reactions. The structure and chemical composition of 
the surface layer of the fixture have been found to be of 
crucial importance for these reactions. 
Swedish Patent 79.02035-0 describes how improved 

results can be achieved by imparting a specific surface 
structure to the titanium-containing material in the fixture. 
The surface layer of the fixture consists of micro-cratered 
titanium dioxide, with the craters in the surface having a 
diameter of 10-1000 nm, preferably 10-300 nm. 
The surface properties (structure and chemical 

composition) of the implant are, thus, important for its 
function since they determine how the tissue at the site of 
implantation will react. During manufacture of implants, 
therefore, continuous analyses are carried out to check that 
the surfaces of the components fulfil a given specification, 
with regard, among other things, to microstructure, 
composition, purity and sterility. It is, thus, desirable that the 
production methods give reproducible results. 

Presently, the titanium components are made in the fol 
lowing manner. First, there is a monitored machining using 
computer-controlled workshop machines. The machines 
include cutting tools. This machining gives a surface having 
microscopic irregularities. 
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During the machining with the cutting tools, oxidation of 

the workpiece takes place. The oxidation causes formation 
of titanium oxides. The machining also promotes the for 
mation of a biologically correct micro-cratered, moon 
surface-type surface structure, in accordance with the above 
mentioned patent. 

After the machining, the components are burred and 
inspected. After that, the surface is cleaned by means of a 
number of washing steps in different liquids. The washed 
components are then packed manually in glass ampoules. 
The ampoules are sealed hermetically by fusing with the aid 
of a flame. The content of the glass ampoule is then 
heat-sterilized, after which the sterile package is packed in 
a so-called blister pack made of plastic. The blister packs are 
then also sterilized, after which they are packed in cardboard 
boxes. 

During the machining, a thin, approximately 2-3 mm. 
oxide layer is formed on the titanium. A characteristic 
surface structure is also formed on the titanium. The oxide 
layer and the surface structure are judged to be pre-requisites 
for successfulosseointegration. However, the surfaces of the 
components also become covered with a layer of impurities. 
The impurities principally include residues from cutting 
liquids that are removed in the subsequent washing stages. 
During the sterilization in the glass ampoule, the thickness 
of the oxide layer increases to the final value, which is 4-6 
1. 

Those surfaces of the finished titanium component (the 
implant) that come into contact with the biological tissue 
consist, consequently, of a thin titanium oxide layer (TiO) 
that is covered with a contamination layer. The latter con 
sists in the main of adsorbed hydrocarbons from the air, etc., 
and trace quantities of other, inorganic, substances. The 
exact composition of the contamination layer is a complex 
function of the whole history of the preparation of the 
implant. It is desirable that this contamination layer be 
removed at the same time as the characteristic surface 
structure is retained, since only this surface structure has 
been found to give clinical results. 
The object of the present invention is to control the 

characteristics and reproducibility of the surface structure of 
the titanium component to an even higher degree than 
present employed methods. The intention is to prepare the 
surface so that existing surface contaminants and the oxide 
layer are removed. In other words, the invention erases the 
"memory" from preceding preparation steps. Then the 
desired surface is prepared in a well-controlled manner in a 
controlled environment. 

In accordance with the invention, the surface of the 
implant is prepared using a gas-discharge plasma, a called 
glow discharge. 
The reason for using this type of surface preparation is 

that, when utilized correctly, it permits a superior degree of 
control, reproducibility and flexibility in the manufacturing 
procedure as compared with a conventional preparation. 
This assessment is based partly on experiences from other 
areas of technology in which plasma and other vacuum 
based preparation methods are used in the production. In this 
context, the most conspicuous example is the manufacture 
of semiconductor components. The achievable high-grade 
process control results from the fact that vacuum methods 
are very clean and that they can be carried out in closed 
systems without being affected by uncontrolled environmen 
tal atmospheres. Apart from that which has been stated 
above, the assessment is also based on straightforward 
fundamental considerations regarding the advantages of a 
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closed vacuum process, and, additionally, on our own 
experiments described below. 
The principle of using plasma for preparing surfaces can 

be described simply with the aid of FIG. 1, which diagram 
matically illustrates a plasma reactor (vacuum chamber). 
The gas-discharge plasma 1 is generated by a high voltage 
(about 1 kV) being applied across a gas between two 
electrodes under a low pressure (-0.01-100 m Torr). The 
two electrodes can be constituted by the sample and the 
vacuum chamber itself, as in the FIG. 1. The relatively high 
electrical field results in the few free electrons, which are 
always present, being accelerated up to energies that are 
sufficient to ionize the gas molecules that they collide with. 
This releases further electrons that, in turn, are accelerated 
and ionize further gas molecules, etc. The ionized molecules 
will, in turn, be accelerated by the electrical field and collide 
with gas molecules, which become ionized, and with the 
surfaces in the system. Both the ionizing events and the 
ion-surface collisions create new free electrons, thereby 
bringing about a "cascade effect", resulting in the degree of 
ionization of the gas being greatly increased. Finally, an 
equilibrium is established in which a stable current, due to 
transport of ions and electrons, flows through the gas. This 
"controlled" gas discharge is a plasma, and is often called a 
"glow discharge" since it emits visible light as a conse 
quence of the physical processes that are taking place in it. 
In the following description, the term plasma is used. Use of 
the term plasma must not, however, be confused with the 
type of hot plasmas which are found, for example, in stars, 
where the degree of ionization and the temperature are much 
higher. 
The temperature in a gas-discharge plasma is insignifi 

cantly higher than the environmental temperature. In addi 
tion to neutral gas molecules, free electrons and ionized gas 
molecules, the plasma also contains free radicals, metastable 
conditions and other reactive components. These have a 
much higher tendency to react with, for example, a surface 
than do unionized and nonexcited molecules. 

Depending on a number of different process parameters, 
for example, DC or AC voltage, electrode configuration and 
geometrical design, process gas and pressure, among others, 
a large number of different effects can be produced on the 
sample surface using the plasma. Most of these applications 
principally utilize the effects that arise when the electrode 
surfaces are bombarded with high-energy ions in the plasma. 

In this context, some important processes are: 
(i) Sputtering, which entails the high-energy ions knock 

ing off surface atoms from the surface. This effect can 
be used for mild (dry) cleaning/sterilizing or for 
finishingfetching surfaces, among other things. 

(ii) Surface reactions between ions and surface, entailing 
some of the bombarding ions reacting chemically with 
the surface and forming a layer possessing a new 
chemical composition. The fact that some of the gas 
molecules are present in ionized or excited conditions 
makes them, as a rule, more reactive than correspond 
ing neutral molecules. By varying the type of ions, that 
is, the process gas, oxide layers, nitride layers or 
carbide layers can be made, for example. 

(iii) Implantation of ions, that is, with some of the 
incoming ions penetrating the surface layer of the 
sample and becoming embedded in it. Here too, chemi 
cal modifications of the surface layer can be produced. 

(iv) "Activation” of the surface. The ion bombardment 
breaks bonds in the surface, thereby making the latter 
especially inclined to react with, or bind to, molecules 
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4 
from the environment. This is often termed giving the 
surface a high degree of surface energy. 

(v) As a rule, structural changes arise at various levels. 
These can be defects at the atomic level, changes in 
microstructure, or even modified surface topography 
and morphology. 

The abovementioned effects occur to different extents and 
are associated with each other. By varying the process 
parameters, the processes which are to dominate can, to a 
certain extent, be selected. In other words, the plasma 
technique is a very versatile method for treating surfaces. 
The method can also advantageously be combined with a 
variety of subsequent surface-treatment steps in the same 
chamber in which the plasma treatment takes place. 

In principle, preparing or modifying (cleaning, sterilizing, 
oxidizing, nitrating, etc.) implant surfaces using gas 
discharge plasma is not novel. The method was proposed 
and tested as early as the 1970's by Baier, among others. In 
recent years, the method has caused greatly increased inter 
est in relation to implants. For example, and the use of a 
gas-discharge plasma for cleaning dental titanium fixtures, 
for example, has been proposed in U.S. Pat. No. 5,071351. 

"Plasma cleaning and related treatments" is also described 
in J. Biomed. Mater. Res.: Applied Biomaterials, Vol 22, No. 
A2, 145-158 (1988), Bengt Kaseno and Jukka Lausmaa 
"Biomaterial and implant surfaces: On the role of 
cleanliness, contamination, and preparation procedures" on 
pages 152-153. 

However, in those instances in which plasma preparation 
has been used in connection with implants, the potential of 
the method has not been exploited to the full. The reason for 
this is as follows: 

During plasma preparation, a reactive surface having high 
so-called surface energy is formed as a rule. This means 
that the surface has a strong tendency to bind that itself 
molecules from the surrounding atmospheres to it is 
exposed to. In most instances in which plasma prepa 
ration has been applied to implant surfaces, conven 
tional and/or commercial plasma equipment has been 
used. After completion of the plasma treatment, the 
plasma-prepared surface is exposed to uncontrolled 
atmospheres, signifying that the properties of the 
plasma-prepared surface can be lost. The contaminat 
ing molecules that become bound to the surface are 
often different types of hydrocarbons and other volatile 
organic molecules. As an example of how rapidly this 
contamination takes place, it can be mentioned that at 
a concentration of a contaminant in the air of 1 ppb 
(10) a monolayer of contaminating molecules can be 
bound to the surface in -1s. In the case of ppm 
concentrations, the corresponding time scale is ~1 ms. 

Apart from the plasma-prepared surface, in the case of 
previous commercial plasma equipment, having been 
exposed to uncontrolled atmospheres after the treatment, the 
plasma equipment has not been adapted, as far as implants 
are concerned, to production-scale conditions. Thus, the 
Harrick Scientific chamber which is described in U.S. Pat. 
No. 5,071.351 is not suitable when a relatively large number 
of titanium components are to be prepared during produc 
tion. For example, divergences in the properties can occur if 
several implants are being treated simultaneously, due to 
variations in the different geometrical positions of the 
plasma in the plasma chamber. 

SUMMARY OF THE INVENTION 
The object of this invention is to develop a method for 

preparing implant surfaces, preferably made of titanium, 
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using a gas-discharge plasma, where the equipment and the 
process parameters have been adapted for large-scale pro 
duction. At the same time, it is required of the plasma 
process that the surface properties of the finished product, 
with regard to chemical composition, oxide thickness and 
structure, should come within the predetermined character 
istics. However, the divergence between individual samples 
and between different sample batches should be less than in 
the case of current production. In addition, the process 
should not introduce new surface contaminants. 
The plasma process should, in addition, be such that the 

macroscopic appearance of the surface and the 
microstructure, of topography, of the surface within the 
interval 10-1000 nm are not altered by the process. In 
addition, in those instances in which the process includes 
ampoule sealing, all the components in the pack, and the 
total final result, should satisfy the official requirements for 
sterility that are in force. 
The invention is based, in this context, on a closed system 

concept in which the plasma preparation and, where 
appropriate, the remaining preparation steps, and, where 
appropriate, the packaging and transport to biological 
environments, as well, are carried out in accordance with a 
closed procedure without intermediate exposure to uncon 
trolled environmental atmospheres. This approach has the 
very great advantages, as compared with existing processes, 
of achieving a very high grade of controlled surface struc 
ture and reproducibility and of preserving the properties of 
the plasma-prepared surface right up to the moment of use. 

In accordance with the invention, the implants are 
conveyed, after customary machining and any washing 
procedures that may be necessary, to a vacuum chamber in 
which the plasma preparation is carried out in two steps. The 
first step includes treatment with an inert gas plasma so that 
existing surface contamination layers and oxide layers are 
removed from the implant surface. Then, a reoxidation step 
is performed, using an oxidizing plasma or by means of 
thermal oxidation. The plasma preparation, and any remain 
ing preparation steps that may be necessary, and handling of 
the implants are carried out in accordance with a closed 
procedure without intermediate exposure to uncontrolled 
environmental atmospheres. 
The high-vacuum chamber, the preparation chamber, 

must have a vacuum performance that corresponds to the 
stipulated requirements for purity and control in the process. 
Preferably, the basal pressure should be below 10 mbar. 
The plasma process pressure is in the mbarrange, except in 
the case of the thermal oxidation in O, when the pressure 
can be higher, in the 10-1000 mbar range. 

In a first embodiment, the plasma treatment, cleaning and 
oxidation, complements or replaces a part of the present 
cleaning, that is, as a last step before sealing and sterilizing 
in glass ampoules is carried out. 

Alternatively, the plasma treatment can be coupled 
together with sterilizing and sealing in glass ampoules. This 
involves all the steps from final cleaning to sterilization and 
sealing in glass ampoules being carried out in a closed 
vacuum system without intermediate exposure to environ 
mental or other uncontrolled atmospheres. 

BRIEF DESCRIPTION OF THE DRAWNGS 

In that which follows, the invention will be described in 
more detail in association with the enclosed drawings, which 
show some examples of how the invention can be applied. 

FIG. 1 diagrammatically illustrates a conventional 
vacuum chamber for plasma treatment, 
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FIG. 2 diagrammatically shows two alternatives for car 

rying out plasma treatment of titanium implants, 
FIG. 3 shows the principle of equipment for closed 

plasma treatment under production-scale conditions, where 
Alternative Ashows the case in which the plasma-treatment 
equipment is coupled to a closed space possessing a con 
trolled atmosphere and in which sterile packaging takes 
place, for example a called glove box, or a sterile bench. 
Alternative B shows the case in which sterilization and 
packaging have been incorporated into the plasma 
equipment, 

FIG. 4 is a diagrammatic sketch of the plasma cell itself, 
FIG. 5 shows a detail of a cathode and sample holder, and 
FIG. 6 shows the principle involved in scaling up the 

preparation of several samples of titanium components by 
multiplying the number of plasma cells. 

DETALED DESCRIPTION OF THE 
NVENTION 

The principle of plasma preparation of surfaces has 
already been described in the introduction in conjunction 
with FIG. 1. The gas-discharge plasma 1 is generated by 
applying a high voltage across the gas under a low pressure. 
The two electrodes are constituted by the sample 2 (the 
titanium component) and the wall 3 of the vacuum chamber, 
The vacuum chamber is provided with a gas inlet 4 and a gas 
outlet to a pump 5. 

FIG. 2 shows how the plasma treatment of titanium 
components can be applied under production-scale condi 
tions. 

In accordance with Alternative A, shown in FIG. 3 and 
including components A1, A2, and A3, plasma treatment A2 
is introduced after machining and washing procedures A1 
(cleaning and oxidation) as a complement to, or replacement 
for, the previously effected cleaning. In other words, the 
plasma treatmentis a last step before mounting, sealing and 
sterilizing A3 in glass anpoules. 

In accordance with Alternative B, shown in FIG. 3 and 
including components B1 and B2, sterilization, mounting 
and sealing in glass ampoules are incorporated into the 
system for plasma treatment. This involves carrying out final 
cleaning, sterilization and sealing in glass ampoules in a 
closed vacuum system without any intermediate exposure to 
uncontrolled environmental atmospheres. 

Between Alternative A and Alternative B, there are a 
number of "intermediate levels", depending on how the 
sample transport between plasma treatment and sterile pack 
aging is effected. For example, Alternative A above could be 
coupled together with glass ampoule sealing in a controlled 
atmosphere, in a so-called glove box filled with synthetic air 
or other suitable gas. 

In the subsequent description, it is assumed that a closed 
procedure is being used, that is. Alternative A combined with 
sterile packaging in a controlled atmosphere, or Alternative 
B. 
The plasma treatment consists principally of two steps. In 

the first step, the outermosts 10 nm of the sample surface are 
removed using an inert gas plasma. The surface is then 
reoxidized, either thermally or using an oxidizing plasma, 
for example, O in such a way that the desirable oxide layer 
is obtained. In order to produce further surface 
modifications, other process gases can be used, such as, for 
example, N. (nitridation), H2O, (hydroxylation), H2O, 
SO/PO, ions (doping) and monomers (polymer coatings). 
Suitable process parameters for cleaning and oxidation can, 
for example, be: 
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Cleaning: pure (>99.999%) argon gas; 0.5-3 kV negative 
direct current voltage on the sample; ~0.1-0.5 mbar Ar 
pressure; 0.01-0.1 mbarls' Ar flow; resulting in plasma 
currents of -0.5–2 mA cm sample surface; for 0.5-20 
minutes. 

Oxidation: thermal oxidation in 1-1000 mbar pure 
(>99.99%) O at room temperature for 10 min., alternatively 
O plasma (0.2-3 kV negative direct current voltage on the 
sample; 0.01-0.5 mbar O, pressure; 0.01-0.1 mbarls' O; 
flow; resulting in plasma currents of -0.5-50 mA cm 
sample surface; for 0.5-20 minutes). 
The preparation can also advantageously be effected in a 

combined process by gradually introducing oxidizing gas 
into the process gas (for example mixing O into Ar) during 
the final phase of the cleaning. 

Since the plasma treatment is carried out in a near vacuum 
pressure 10-10 mbar, the equipment for plasma treat 
ment consists in principle, of a vacuum system with com 
ponents that are necessary for the plasma process and that 
are vacuum-compatible. From the point of view of 
cleanliness, it is advantageous if the vacuum system consists 
of separate chambers that are coupled together via valves 
and between which the samples can be transferred without 
the vacuum being broken. The principle of equipment for 
closed plasma preparation in accordance with the two alter 
natives is shown diagrammatically in FIG. 3. 
The two alternatives have in common: 
1. A vacuum chamber (K1) whose function is to sluice the 
sample into the plasma preparation chamber (K2). 
Vacuum chamber K1 is accessible from the atmosphere 
via a valve V1, and is also coupled to vacuum chamber 
K2 via valve W2. If required, vacuum chamber K1 can 
also be coupled to a gas inlet G1 for flushing gas, in 
order to maintain a higher degree of cleanliness. 

2. A vacuum chamber (K2), in which the plasma 
preparation, and any other preparation steps, for 
example oxidation or heat-sterilization, which may be 
necessary, takes place. The plasma chamber contains 
components that are suitable for the process, for 
example a plasma electrode, electrical connections, 
process gas inlet G2, pressure or flow regulating 
systems, P1, P2, P3, P4, etc. The vacuum requirements 
for this chamber must satisfy the requirements that are 
stipulated by the plasma process (described below). 
Due to the fact that a sluicing system is used, this 
chamber is never exposed to air, except during main 
tenance work, and as a result, can be maintained at a 
high degree of cleanliness. 

3. A vacuum chamber (K3) that functions as a sluice for 
discharging the plasma-prepared samples through the 
valve V4. Vacuum chamber K3 is coupled to the 
preparation chamber via valve V3. Vacuum chamber 
K3 includes gas inlet G3 the system is assembled 
linearly, the process takes place continuously. In other 
words, new samples are conveyed into vacuum cham 
ber K1 while a set of samples is plasma-prepared in 
vacuum chamber K2, and so on. If a continuous process 
is not required, valve V3, vacuum chamber K3 and 
valve V4 can be dispensed with. Vacuum chamber K1 
then functions as a sample sluice both for conveying in 
and out the samples. Vacuum chamber K3 and valve V3 
can also be dispensed with if valve V4 is coupled to 
vacuum chamber K1, although in a different direction 
as compared to valve V1. 

The implants are expediently conveyed into the system 
mounted on a cassette or the like 6 (described below). 
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8 
thereby allowing several samples to be treated on each 
occasion. The cassette is then conveyed between the differ 
ent chambers through the valves using an appropriate trans 
port system. Depending on which of the alternatives A and 
B is under consideration, the following system components 
are also additionally required: 
(A)4. In order that a closed process can be effected, the 

discharge sluice (K3, V4) is coupled directly to a closed 
space in which a controlled and, where appropriate, 
sterile, atmosphere (vacuum, atmospheric pressure or 
excess pressure) can be maintained. In this volume, sterile 
packaging and, where appropriate, sterilization, are 
effected either manually or automatically. This space can 
be, for example, a so-called glove box that satisfies 
necessary requirements for sterility. In addition to sterile 
packaging, a multiplicity of components and functions 
can advantageously be incorporated into this space. These 
components and functions can include, for example, UV 
irradiation for cleaning/sterilizing, admission of a suitable 
gas atmosphere, and analytical equipment. The analytical 
equipment can include, for example, a mass spectrometer, 
for monitoring the gas composition in the space and, thus, 
also the sterile packaging. It should also be possible to 
carry out any necessary further preparations of the 
implant surface in this space under atmospheric pressure 
or in a liquid. 

(B)4. Where the sterile packaging step is carried out in the 
vacuum system, a chamber (K3) and a valve (V3), which 
is expediently situated between the plasma-preparation 
chamber and the discharge sluice, are additionally 
required. This chamber contains the necessary compo 
nents for carrying out the sterile packaging. These com 
ponents can include manipulators, supply of components 
for the packaging, equipment for sealing the packaging 
material, among others. 
Alternative A shown in FIG. 3 includes another compo 

nent A4 that includes a gas inlet G4. Also, Alternative B 
shown in FIG. 3 includes vacuum chamber K4 and valve W5. 

Each sample (titanium component) 2 is plasma-prepared 
individually in a local plasma cell, shown in FGS. 4 and 5. 
In the cell, in which the sample constitutes the cathode, by 
being coupled to negative high voltage or to an alternating 
high current voltage 7. A hollow cylinder 8 around the 
sample functions as the anode. The anode is normally 
grounded. The plasma cell can also advantageously function 
as the local gas inlet 9 around the sample, as shown in FIG. 
4. A construction of this type means that the flow of process 
gas around the sample can be effectively controlled, that the 
influence of any impurities in the residual gas in the prepa 
ration chamber can be minimized, and that a certain cooling 
effect on the sample can be brought about. The geometry of 
the cell ensures that the gas-discharge plasma is delimited 
around the sample. The geometry of the anode can be 
adapted in a suitable manner for non-cylindrical samples. 
This local arrangement allows simple scaling-up using a 
number of identical plasma cells, with gas flows and plasma 
conditions otherwise being identical. 
The sample 2 is mounted on a cathode rod 10, which is 

electrically shielded by a grounded shield 11. This arrange 
ment eliminates discharges outside the cell. In order to avoid 
short circuits between the grounded shield and the cathode, 
insulating material 12 is applied at appropriate sites, as 
shown in FIG. 5. In order to minimize the risk of contami 
nants from the cell, all the components which the sample 
surface "sees' should be manufactured in the same material 
as the sample. The titanium grating 13 on the gas inlet has 
the function of delimiting the plasma and of eliminating 
contaminants from the material used for manufacturing the 
gas inlet. 
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Besides this, FIG. 4 shows two vacuum flanges 14 and 15 
with gas inlet and electrically insulating vacuum lead 
through 16 for the high voltage, respectively. A pressure or 
flow regulator 17 regulates the gas supply. 

FIG. 5 shows the cathode 10 and the sample holder in 
more detail. The cathode is cylindrical and has a narrow 
projecting threaded part 18 onto which the titanium 
component, for example a fixture, is screwed. The cathode 
has a core 19 of titanium that extends out into the narrower, 
threaded part 18 that is entirely executed in titanium. The 
outer part 20 of the cathode is made of copper. The insu 
lating material can be a ceramic sleeve 21, for example made 
of Al-O, and a BN insulator 22. 

FIG. 6 shows how a multiplicity of titanium components 
(samples) 2 can be plasma-treated simultaneously by the 
number of plasma cells being multiplied. Under these 
circumstances, a matrix of identical cells is assembled 
whose gas supply is effected by a "branched pipe" 23. The 
conditions in each individual cell are then identical with that 
described above for one cell. A large number of samples can 
thereby be treated simultaneously under identical 
conditions, permitting high production capacity. 
We claim: 
1. A method for preparing surfaces of implants using gas 

discharge plasma, said method comprising the steps of: 
1) conveying the implants to a vacuum chamber; 
2) treating the implants in the vacuum chamber with an 

inert gas plasma, to remove existing surface contami 
nation and oxidized layers of material that the implant 
is formed of from the implant surfaces; and 

3) treating the implants in the vacuum chamber with an 
oxidizing plasma or by thermal oxidation, to reoxidize 
the implant material at the surfaces of the implants; 

wherein said vacuum chamber is a closed space, including 
a controlled atmosphere to produce a highly accurate 
and reproducible microstructure, composition, purity, 
and sterility in said implants. 

2. A method according to claim 1, further comprising 
modifying the implant surfaces by introducing gasses into 
said vacuum chamber during said reoxidation of the implant 
surfaces, said gasses including at least one member selected 
from the group consisting of N, HO. HO, SO/PO, ions, 
and monomers. 

3. A method according to claim 1, wherein said oxidizing 
plasma is O plasma. 

4. A method according to claim 1, further comprising the 
steps of: 

machining the implants; and 
washing the implants; 
wherein said machining and washing steps are carried out 

prior to conveying the implants into the vacuum cham 
ber. 

5. A method according to claim 1, wherein said implants 
are made of metallic or ceramic material. 

6. A method according to claim 1, wherein said implants 
are titanium. 

7. A method according to claim 1, further comprising the 
steps of: 
mounting said implants in ampoules; 
sealing said ampoules; and 
sterilized said ampoules; 
wherein said mounting, sealing, and sterilizing steps are 

carried out after said treating steps and are carried out 
in a closed space, including a controlled atmosphere, 
without exposure to an uncontrolled atmosphere. 

O 

25 

30 

35 

45 

50 

55 

65 

10 
8. A method according to claim 1, further comprising the 

steps of: 
mounting a plurality of implants on a cassette; and 
conveying said cassette into the vacuum chamber, thereby 

simultaneously preparing a plurality of implants. 
9. A method according to claim 8, further comprising the 

steps of: 
providing at least one sample sluice; 
coupling said at least one sample sluice to the vacuum 
chamber via at least one valve; and 

conveying said cassette into and out of the vacuum 
chamber for plasma treating via the at least one sample 
sluice. 

10. A method according to claim 9, wherein said at least 
one sample sluice is a vacuum chamber. 

11. Amethod for preparing surfaces of implants using gas 
discharge plasma, said method comprising the steps of: 

1) conveying the implants to a vacuum chamber; 
2) treating the implants in the vacuum chamber with an 

inert gas plasma to remove from the implant surfaces 
existing surface contamination and a layer comprised 
of oxidized material, the oxidized material being an 
oxide of material from which the implant is formed; 

3) treating the implants in the vacuum chamber with an 
oxidizing plasma or by thermal oxidation, to reoxidize 
the implant material at the surfaces of the implants; and 

4) modifying the implant surfaces by introducing gasses 
into said vacuum chamber, said gasses including at 
least one member selected from the group consisting of 
N, HO, HO, SO/PO, ions, and monomers; 

wherein said implant treating steps 2 and 3 are carried out 
in a closed, controlled atmosphere to produce a highly 
accurate and reproducible microstructure, composition, 
purity, and sterility in said implants. 

12. A device for preparing surfaces of implants using gas 
discharge plasma, comprising: 

a first vacuum chamber including at least one plasma cell 
for treating an implant; 

a source of high negative voltage providing a cathode of 
said at least one plasma cell and connected to said 
implant; 

a body comprising a hollow cylinder essentially surround 
ing said implant and providing an anode of said at least 
one plasma cell, said body having a geometry adapted 
to the shape of said implant, and providing a local gas 
inlet around said implant; 

means for treating the implants with an inert gas plasma 
to remove existing surface contamination and oxide 
layers from the implant surface; 

means for treating the implant surfaces with an oxidizing 
plasma or thermal oxidation to reoxidize the implant 
surfaces; and 

a closed space including a controlled atmosphere and the 
first vacuum chamber, said closed space producing a 
highly accurate and reproducible microstructure, 
composition, purity, and sterility in said implants. 

13. A device according to claim 12, further comprising: 
a plurality of vacuum chambers including said first 
vacuum chamber; and 

a plurality of valves for coupling together said plurality of 
vacuum chambers; 

wherein the implants may be transferred among the 
vacuum chambers without breaking a vacuum in the 
vacuum chambers. 
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14. A device according to claim 13, further comprising: 
a cassette for receiving a plurality of implants; and 
a transport system for conveying said cassette among said 

plurality of vacuum chambers via said plurality of 
valves. 

15. A device according to claim 12, wherein said implant 
is mounted on a cathode rod that is electrically shielded by 
a grounded shield that eliminates discharges outside the at 
least one plasma cell. 

16. A device according to claim 12, wherein said at least 
one plasma cell includes titanium surfaces that face said 
implant. 

17. A device according to claim 16, wherein a titanium 
anode grating is arranged in said gas inlet for delimiting 
plasma in said at least one plasma cell and for eliminating 
contaminants from a material from which the gas inlet is 
manufactured. 

18. A device according to claim 12, wherein said first 
vacuum chamber includes a matrix of identical plasma cells 

5 

10 

15 

12 
each for preparing one implant, and a branched pipe posi 
tioned and arranged so as to supply inert gas to each said 
plasma cell. 

19. A device according to claim 12, wherein saidinert gas 
plasma comprises argon gas, said argon gas plasma is at a 
plasma process pressure of from 0.1-0.5 mbar, and reoxi 
dation of said implant surfaces is carried out in O, plasma 
at a pressure of 0.01-0.5 mbar or by thermal oxidation in O. 
gas at a pressure of 1-1000 mbar. 

20. A device according to claim 12, further comprising an 
apparatus for mounting the implants in ampoules, sealing 
the ampoules, and sterilizing the ampoules. 

21. A device according to claim 12, further comprising at 
least one sample sluice and at least one valve for connecting 
said at least one sample sluice to said first vacuum chamber, 
wherein said at least one sample sluice is a vacuum chamber. 

it k . . . 


